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On some fuzzy positive and linear operators
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Abstract

The purpose of this work is to show that fuzzy Bernstein-Stancu operators introduced in [3]
satisfy an A-statistical version of fuzzy Korovkin theorem. Some properties of these operators are
also proved. An example of new fuzzy positive and linear operators is presented.

1 Introduction

Sometimes, the phenomena encountered in real life do not have a precise definition for membership
criteria. For example, the class of plants obviously includes flowers, trees, grass but there are elements
like amoeba or bacteria which have an ambiguous status regarding their belonging to plants class.

Similarly, we are dealing with ambiguity when we want to compare the number 30 with the class of
real numbers much greater than zero, which obviously do not have a precise definition. In mathematics,
this kind of uncertainty can be modeled in two ways. First way is a probabilistic one and the second way
refers to fuzzy logic.

For the first time modeling uncertainty through fuzzy logic was approached by L.Zadeh [13] who
introduced the fuzzy sets as basis for reasoning with multiple truth values. Later on, the concept was
applied in many areas of science like finance, weather prediction, hand writing analysis, electronics,
biomedicine or elevators.

Considering the wide applicability of fuzzy sets naturally arises the fuzzy functions approximation problem
(which can model complicate real processes) with effectively calculable functions.
In this paper, starting from classical Bernstein-Stancu operator defined in [10],

B =3 (7 )au-a s () menae o

prd m+ 0

and considering its fuzzy variant defined in [3], we prove some properties concerning this variant and we
also introduce a new class of fuzzy operators.

In Section 2, we collect some basic elements used throughout the paper. Further on, we prove that
the fuzzy Bernstein-Stancu operators satisfy a fuzzy Korovkin - type theorem and this theorem holds for
our new class of operators.

2 Preliminaries

We need the following definitions.

Definition 1 ([12]) Let v : R — [0, 1] with the following properties:
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(1) p is normal, i.e, 3 9 € R, p(zg) = 1;
(ii) p is a convex fuzzy subset, i.e, Yo,y € R,VA € [0,1], p(Ax + (1 — AN)y) > min{u(z), u(z)};

(iii) p is upper semicontinuous on R, i.e, Vxg € R and Ve > 0, a neighborhood V (x¢) of xo exists such
that p(z) < p(xo) + ¢, Vo € V(xg);

(iv) The set {z € R: pu(z) > 0} is compact in R, where A denotes the closure of A.
The function p is called fuzzy number.

The set of all i is denoted by Rr.
For 0 < r <1 and pu € Ry define

" ={reR:pu(x)>r} and [4)°:={zrcR:pu(z)>0}.
We recall now that for each r € [0,1], [¢]" is a closed and bounded real interval, see [8].

Definition 2 ([12]) Let u,v € R and let A € R. We define uniquely the sum w @ v and the product A ® u

as follows
[weo]" =[u]" +[]",  [AOu]"=Au]", Vrel0,1],

T

where [u]" + [v]" means the usual addition of two intervals (as subsets of R) and A[u]" means the usual

product between a scalar and a subset of R.

Notice that lQu=uvand u®v=v&Su, A\Ou=u® A hold.

Remark 1 If we have 0 < r; < 1y < 1, then [u]™ C [u]™. We denote the interval [u]” = [u(_r),us_r)],
where u'” < uS:), u(T),uS_T) eRy, Vre|0,1].

In the following sections we will use the fuzzy metric given in [11],

Definition 3 Let D : Ry x R — Ry be defined as follows
D(u,v) := sup max{|u(_r) — U(_T)|, |u5:) - vf:)|}
re[0,1]
= sup p([u]",[v]"),
rel0,1]

where [v]" = [v(_r), U_(:)], u,v € Rx and p is the Hausdorff distance.

Following [11], (Rz, D) is a complete metric space.
Let f,g : [a,b] — Rz be fuzzy number valued functions. Then, according to [5], the distance between f
and g is given by

D*(f.g):= sup sup max{|f"(x) — g (@)].|f(x) ~ " (2)]}.
z€la,b] r€[0,1]
Definition 4 ([2],[7]) Let f : [a,b] — Rz be a fuzzy real number valued function. We define the first
fuzzy modulus of continuity of f by

WF(f,6) = sup D(f(x),9(x), € (0,b—al.
Tvye[‘a%l:s]
T—Y|S

Definition 5 ([3]) Let f € C([0,1],Rx). We define the second fuzzy modulus of continuity of f by

Sm= sp {0 (rwe rw.2or(*50)) ]

u,v€(0,1
|lu—v|<2h
h>0
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The set of all fuzzy continuous functions on the interval [a, b] is denoted by Cx[a, b].

Remark 2 ([2]) Let f,g € Crla,b]. We say that f is fuzzy larger than g pointwise and we denote it by
f = g if and only if

f@)=g@) iff @) > @) and @) > ¢ (@), Va € [a,0], Vr € [0,1].

Definition 6 ([5]) Let L : Crla,b] — Cxla,b] be an operator. Then L is said to be fuzzy linear if, for
every A, \s € R, fu, fo € Crla,b], and 3 € [a,b],

LM ©[LdAo fasx) =M ©L(fi;2) ® A2 © L(f2;x)

holds. Also L is called fuzzy positive linear operator if it is fuzzy linear and the condition L(f;x) =<
L(g; z)is satisfied for any f,g € Cxla,b] and all x € [a,b] with f(z) < g(x).

We now recall the definition of fuzzy Bernstein-Stancu operators as it was given in [3].

Definition 7 Let f € C([0,1],Rx), m €N, 0 < a < 3. We define

k4«
m+ 3

<fLmﬁf><x>—Z*pm,k<x>@f< ) e o1, 1)
k=0

where py, k(x) = ( TIZ ) oF(1 — )™k,
Here Y stands for fuzzy summation.

For the reader’s convenience, we recall the almost convergence, the statistically convergence, the A-
statistically convergence of a real sequence, and the fuzzy Korovkin theorem.

Based on the result of Lorentz [9], a bounded real sequence (2, )nen is said to be almost convergent
to a real number L if and only if

lim Tp+ oo + Tpip-1
p—>00 p

=1L.

Definition 8 ([0]) A sequence (zp)nen of real numbers is called statistically convergent to a real number
L, if for every e > 0,
d({neN:|x, — L| >e}) =0,

where

N—o00

3(B) = Jim_ > ()

represents the density of the set E C N, and xg is the characteristic function associated to set E.
We denote this limit by
st —limx,, = L.
n

Definition 9 Let A = (a;n)jnen be a non-negative regular summability method.
The sequence (x,)nen is said to be A-statistically convergent to a real number L if for every e > 0,

0a({neN: |z, — L| >¢€}) =0,

or equivalent

411111 Z ajn = 0.

j—o0
{n:|x,—L|>e}

We denote this limit by
sty —limz, = L.
n
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We now give the fuzzy Korovkin theorem.

Theorem 1 ([2]) Let (Ly)nen be a sequence of fuzzy positive linear operators from Cxla,b] into itself.

Assume that there exists a corresponding sequence (Ly)nen of positive linear operators from Cla,b] into
itself with the property

{Lu(f0}Y) = La(f1;2) (2)
for all x € [a,b], r € [0,1], n € N and f € Cxla,b]. Assume further that

lim ||E;(el) —el| =0 foreach i=0,1,2.
Then, for all f € Cgla,b], we have
lin D* (Lo (£), f) = 0.
3 Main results

In this section we prove that fuzzy Bernstein-Stancu operators satisfy the A-statistical version of fuzzy
Korovkin theorem which was first obtained in [2].

First of all, we give the following lemma:
Lemma 1 The fuzzy Bernstein-Stancu operators defined by (1) are positive and linear operators.

Proof. The linearity:

FLEPMO LB X0 forz) = Z*pm,k(@@ {A1®f1<k+a>@)\2®f2<k+a):|
k=0

m+f m+ [
i k+a — k+a
=\ Z Dmk(x) © f1 ( ) ®A2 Z Dk () © fo ( ) .
k=0 m+ 6 k=0 m+ B
LGP (fr52) LGP (fa5)

The positivity: Let f < g, where f,g € Cx[0,1].

This implies
k+«a k+ a
= 9 k = 01 9
f<m+ﬂ>g<m+ﬁ> "

™ k+ ™ k+ o
kZ:O pm,k(m@f(mw) =< kZ:O pm,k(az>@g(m+ﬂ).

Consequently, ngg’B)(f; z) =¥ Li? (g;). O

and we deduce

In order to give our main result we need the following theorem.

Theorem 2 ([5]) Let A = (a;) be a non-negative reqular summability matriz and let (Ly)nen be a se-
quence of fuzzy positive linear operators from Cxla, b] into itself. Assume that there exists a corresponding

sequence (Lp)nen of positive linear operators from Cla, b] into itself with the property (2). Assume further
that

sta —lim || Ln(e;) — e;]| =0 for each i=0,1,2.
Then, for all f € Cgla,b], we have

sta—lim D*(Ly(f), f) = 0. (3)
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Theorem 3 If the sequence (ngg’ﬁ)f)meN defined by (1) satisfies the conditions

sta—Tlim [T (e —es] = 0, i =0,1,2, (4)
then
sta —lim D*(T L&A f) = 0. (5)
Proof. Since .
—~ m m—
(L)) =3 (5 ) a1 —am e =1 (6)
k=0
clearly .
sta —lim || Lymeo — eof| = 0. (7)
We can also write
r _ - m k(1 _ . \ym—k - _ o \ym—k o
Coen@ = (1 )ata-amtto e S (et -t t
k=0 k=0
a— PBx
=x+ . 8
o+ 2 0
Consequently, we get
|Dmer —en] < —2— + B
m€1l — < — 4 —.
1—e€1 mtB  m+s
For a given € > 0, we consider the sets
D:={m: ||Lmer — e1]| > ¢},
Ié) €
Dy = , Dg:={m: > -1
1= A{m: +ﬁ_2} 2= { m+ﬁ_2}
It is obvious that D C Dy U Dy. Consequently, for each j € N, we get
Z aj.m S Z aj.m S Z Qj5.m- (9)
meD meD; meDsy
Since st — lim - sty — lim B = 0, taking in (9) the limit as j tends to infinity, we conclude
fim D aim =0
meD
This identity implies .
sta —lim || Ly,er — e = 0. (10)
Further on, we obtain
u m i _r  2ka
= 1 — (1 —
> Z(k K m+52+z( ) B
k=0 k=0
m 2
m m—k o
+ (1-=z
,;;; ( L)
( N (1—x))+ 2am N a?
=—Fs |z x
(m+ﬁ) m (m+pB)*  (m+p)?
2, zm — z2m + 2axm + o? — F22? — 262%m
=z
(m + B)?
:$2+mx(l—m)—&—(a—ﬁx)@mm—l—a—i—ﬂx) (1)
(m + 5)? ’
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which implies

~ m (a+08)2m +a+ B)
1Emez =eall < g B2 ¥ (it B2

Reasoning in a similar manner as above, one obtains

sty —lim || Lmes — ea = 0. (12)

On the basis of (7), (10), (12), taking into account Theorem 2, we arrive at (5). The proof is complete. [J

4 Examples

In the following section we give an example of fuzzy positive and linear operators starting from fuzzy
Bernstein-Stancu operators. These new operators satisfy a generalized fuzzy Korovkin theorem.

First of all, we recall a generalization of Theorem 1 using matrix summability method.

Theorem 4 ([4]) Let A= (A™),>1 be a sequence of infinite non-negative real matrices such that

sup » ap; < oo (13)
n,k jzl I

and let (Lj)jen be a sequence of fuzzy positive linear operators from Cxla,b] into itself. Assume that

there exists a corresponding sequence (L;)jen of positive linear operators from Cla,b] into itself satisfying
(2). Assume further that

hm Z ak] —e;|| =0, foreach i=0,1,2, (14)

uniformly in n. Then, for all f € Crla,b], we have

lim D* (Y ap;Li(f),f | =0,

k—oo

uniformly in n.

Example 1 Let (u;)jen a sequence almost convergent to zero such that u; >0, V j € N.

For example, u; = 1+ (—=1)7 is a special sequence which is almost convergent but is not statistically
convergent.

By using our general sequence (u;)jen and the fuzzy Bernstein-Stancu operators we give an example of
fuzzy positive and linear operators defined on C£[0,1] which satisfy Theorem 4.

So, let

Nj(fiz) = u; &7 LA (f;2), j €N, z € R, fe Cr0,1]. (15)

The corresponding real positive linear operators are given by

N (f ujz< > —x)i Ry < +ﬁ>, jeEN, zeR, £V ecC0,1].  (16)

On the basis of (6),(8),(11), we observe that

N (607 ) = Uy,
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Nj(e1,2) = uj [x+ ?;L__fg] :
_ - o
N;(e2,z) = u; {xz Lmal—z)+ (O(zm fxg))(z mx-l—oz-i—ﬁg;)] |

Since (u;) en is almost convergent to zero, we get
klingo I ZaZij(ei) —el| =0, i=0,1,2, wuniformly in n.
Jj=1
Consequently, from Theorem 4 we have
Vf e Crl0,1], klim D*(Z ap;N;(f), f) =0, uniformly in n.

Remark 3 According to ([3; Theorem 29]), for our operators defined by (15) we have

m3+4ma2(m—62} wé}-)< 7 1 )+2(a+ﬂ)\/mw(}-) (f, 1 )

A(m — B2)(m + B)2 m+g Vm

vm

sup D (N £)(@), f(z)) < [3+

z€[0,1]

5 Conclusions and Future Work

In this paper we have proved that the fuzzy Bernstein -Stancu operators satisfy a fuzzy Korovkin theorem
and we have presented an example of fuzzy positive and linear operators defined on C'x[0, 1] which satisfy
the fuzzy Korovkin theorem.

In the future we will explore the area of fuzzy positive and linear operators and we will introduce
new classes of fuzzy positive and linear operators. Moreover, we will study the statistical convergence of
sequences of these type of operators and we will extend these properties to multidimensional case.
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